INTRODUCTION
============

In December 2019, the 2019 Novel Coronavirus (COVID-19) broke out in Wuhan. On January 20, 2020, COVID-19 was included in category B infectious disease and managed by category A \[[@b1-pi-2020-0127]\]. With the spread of the epidemic, COVID-19 has become a public health emergency of International Concern (PHEIC). Acute respiratory infectious diseases have always been major threats to people's lives and health which every outbreak was a painful experience in human history. From SARS in 2003 to H5N1 in 2004, from Influenza A (H1N1) in 2009 to COVID-19 in 2019, it is reported that new acute respiratory infectious diseases are the ones having the highest mortality \[[@b2-pi-2020-0127],[@b3-pi-2020-0127]\]. Due to the COVID-19 is highly contagious, widespread and there is no specific drug \[[@b4-pi-2020-0127],[@b5-pi-2020-0127]\], medical workers are facing hitherto unknown challenges in both physical and mental health. Excessive tension and anxiety are gradually spreading among medical staff. Thus, we collect studies about the anxiety status of medical staff after the outbreak of the COVID-19 from March 11, 2020, to March 11, 2020, and then performed this meta-analysis, so that the more reliable data could be obtained to evaluate the situation objectively and accurately, and to provide feasible and effective methods of improving the mental health status of the medical workers.

METHODS
=======

Search strategy
---------------

Chinese databases such as CNKI, VIP, Wanfang Data, SinoMed and English databases such as PubMed, Cochrane, EMBASE, MEDLINE, Scopus and Google Scholar were searched to collect literature on the anxiety status of medical staff after the outbreak of COVID-19. The search period was from database establishment to March 11, 2020. References were also searched to ensure that all relevant articles were included in the study. The following search terms were used: ("novel coronavirus" OR "novel coronavirus pneumonia" OR "new coronavirus" OR "2019-nCoV" OR "SARS-CoV-2" OR "COVID-19" OR "NCP") AND ("mental" OR "psychology" OR "anxiety"). And The study publication time was limited to "2019--2020." The search strategy was decided after discussion by two investigators.

Inclusion and exclusion criteria
--------------------------------

Studies were eligible for inclusion if they met the following criteria: 1) subjects were medical staff in China; 2) study time is after the outbreak of COVID-19; 3) the method was a questionnaire survey; 4) the scale used in the study included the Self-Rating Anxiety Scale (SAS); 5) the mean and standard deviation of anxiety scores of medical staff could be obtained in the experimental results.

Excluded studies met any of the following criteria: 1) without full text or data not available; 2) serious flaws in the study's design; 3) statistical methods are wrong; 4) overlapping or duplicate publications; 5) reviews, abstracts, letters, case reports, case series, editorials, and commentaries; 6) qualitative research.

Study selection and data extraction
-----------------------------------

All articles were screened independently by two investigators according to the inclusion and exclusion criteria. If the investigator has different opinions, discuss them together, and consult other experts when agreement cannot be reached after discussion. For each study, the following characteristics were collected: title, first author, publication year, country of the study, sample size, research method, object of study, research content, important results and conclusions. Cross-check after data extraction.

Quality assessment of included studies
--------------------------------------

The quality of included studies was assessed by two investigators independently using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement version 4. The assessment included 22 items covering study design, setting, participants, variables, data sources/measurements, bias, study size, quantitative variables, and statistical methods \[[@b6-pi-2020-0127]\]. Each item is given a score of 1, and the final result of the assessment was decided after discussion.

Statistical analysis
--------------------

Use stata16.0 software for data statistics and analysis. The Chinese norm of SAS (29.78±10.07) was used as the control group \[[@b7-pi-2020-0127]\]. The heterogeneity among studies was checked by the Q test and forest plots. If the p value for the heterogeneity test was \>0.10, we considered that the included studies have good homogeneity and performed Mantel-Haenszel method-based fixed effects model \[[@b8-pi-2020-0127]\]. Otherwise, the DerSimonian and Laird method-based random effects model was performed. The effect size uses standardized mean difference (SMD). Funnel chart and Egger test were done to evaluate for possible publication bias, and the test level was α=0.05.

RESULTS
=======

Extraction process and study characteristics
--------------------------------------------

Through the retrieval of the above databases, 319 documents were finally identified according to the search strategy. Eventually, 7 studies \[[@b9-pi-2020-0127]-[@b15-pi-2020-0127]\] were included in our meta-analysis, 2 of which were in Chinese and 5 in foreign languages. Our initial search and the process of study selection are summarized in [Figure 1](#f1-pi-2020-0127){ref-type="fig"}. The main characteristics of the included studies are shown in [Table 1](#t1-pi-2020-0127){ref-type="table"}.

The anxiety status of Chinese medical workers during the epidemic of COVID-19
-----------------------------------------------------------------------------

Stata16.0 software was applied to test the heterogeneity of the 7 studies, I^2^=99.0%, p\<0.001, which indicated that there was significant heterogeneity among the studies. Therefore, the random effects model was performed and the effect sizes were pooled. Our results revealed that the anxiety score of Chinese medical workers during the epidemic of COVID-19 was significantly higher than that of the national norm in each study, the difference was statistically significant \[SMD (95% CI)=1.145 (0.705--1.584), p\<0.001; [Table 2](#t2-pi-2020-0127){ref-type="table"}, [Figure 2](#f2-pi-2020-0127){ref-type="fig"}\]. The results also reminded us that the anxiety status of Chinese medical staff may be related to COVID-19.

Subgroup analyses
-----------------

Considering that the three included studies only investigated nurses' anxiety status, we performed a subgroup analysis that revealed a significant increase in the anxiety status among both nurses \[SMD (95% CI)=1.296 (0.269--2.324), p=0.013\] and medical workers \[SMD (95% CI)=1.036 (0.478--1.595), p\<0.001\] during the epidemic of COVID-19 ([Figure 3](#f3-pi-2020-0127){ref-type="fig"}A). Because each study had a different survey time period, we divided the included studies into two subgroups according to whether the survey time period was in January or February. The analysis showed that anxiety scores decreased over time, but the scores of medical workers were higher than the national norm in the studies of January \[SMD (95% CI)=1.604 (0.417--2.791), p=0.008\] and February \[SMD (95% CI)=0.808 (0.419--1.197), p\<0.001\], and the difference was statistically significant ([Figure 3](#f3-pi-2020-0127){ref-type="fig"}B). Besides, subgroup analysis showed that the larger sample size of the study may have the lower the anxiety score. However, the anxiety scores of medical workers with the sample size \<500 \[SMD (95% CI)=1.523 (0.739--2.307), p\<0.001\] and \>500 \[SMD (95% CI)=0.652 (0.283--1.020), p= 0.001\] were both higher than the national norm. Wuhan is the city with the earliest and most serious outbreak of COVID-19 in China. To examine whether the severity of the pandemic would exert an influence on our results, the study by Mei Junhua was excluded to perform a meta-analysis. The results still showed a statistical difference, and the anxiety scores of Chinese medical staff in 6 studies was significantly higher than the national norm \[SMD (95% CI)=1.081 (0.618--1.543), p\<0.001\]. Unfortunately, all the subgroup analyses above failed to reduce the heterogeneity, indicating that study subject (only nurses or doctors included), survey time period, sample size, and severity of the pandemic may not be the sources of heterogeneity.

Sensitivity analyses
--------------------

Sensitivity analyses were performed to assess the influence of each individual study on the pooled SMD. As the homogeneity of the included studies in this study is not good, a single study involved in the pooled meta-analysis was excluded in each round of analysis. Nevertheless, the directions of the forest plots were almost the same, and the corresponding SMD were not changed considerably, suggesting that the results of this meta-analysis are credible (data also not shown) \[[@b16-pi-2020-0127]\].

Publication bias
----------------

The funnel plot was drawn to assess the publication bias of the included studies ([Figure 4](#f4-pi-2020-0127){ref-type="fig"}), and its shape revealed some evidence of asymmetry, suggesting the possibility of publication bias. Further quantitative Egger test was conducted, and the p value for Egger test was 0.007. Thus, publication bias existed in this meta-analysis. The reasons may be the insufficient sample sizes of some included studies and the significant clinical heterogeneity among the studies \[[@b17-pi-2020-0127]\].

DISCUSSION
==========

Anxiety is a common emotional disturbance that may occur in medical workers, especially when a public health emergency happened. Understanding the mental health response after a public health emergency might help medical workers prepare for a disaster \[[@b18-pi-2020-0127]\]. From the SARS epidemic, we learned that when confronted with an unknown infectious disease, the inability of health officials to deal effectively with the crisis led to nursing staff losing their emotional control and become anxious \[[@b19-pi-2020-0127]\]. Besides, research by Sang Min Lee in 2015 found that during the acute infection stage, performing MERS-related tasks could have resulted in serious psychological distress \[[@b20-pi-2020-0127]\]. Although flu happened almost every year, medical staff might still feel stressed and kind of anxious when it breaks out \[[@b21-pi-2020-0127],[@b22-pi-2020-0127]\].

The study aimed at knowing more comprehensively about the anxiety status of Chinese medical workers during the epidemic of COVID-19, including 7 studies with 7,441 people. According to the results, we found that they have higher scores of anxiety although with heterogeneity, which was consistent with the results of previous studies on the anxiety level of medical staff during emergent events of public health outbreaks \[[@b23-pi-2020-0127],[@b24-pi-2020-0127]\].

The main reasons for this result are as follows: 1) The occurrence of COVID-19 is unexpected and the virus is highly contagious in the populations. The confirmed cases are rising rapidly within a short time and many front-line medical staff have also been infected. Some medical staff may not immediately adapt to the sudden increase in clinical work stress and psychological stress. 2) Most hospitals lack experience in dealing with emergent events of public health and do not conduct timely psychological interventions for medical staff. Most medical staff have not systematically learned about emergency response plans and have not participated in training courses about emergent events of public health so they are inexperienced \[[@b12-pi-2020-0127]\]. Some studies have found that timely psychological intervention measures and emergency plans are effective methods to reduce the anxiety of medical staff in the face of public health emergency \[[@b25-pi-2020-0127]\]. 3) Extremely high work intensity and strong psychological pressure. Several facts account for the phenomenon: a huge number of people were infected with COVID-19, work every day without rotation, no specific drugs have been developed and the relationship between doctors and patients was still intense and so on. Yuan et al. \[[@b26-pi-2020-0127]\] showed that the anxiety status of medical staff was positively associated with work intensity. 4) There may be a concern that the payoff is not equal to the giving. Some studies revealed that, for medical workers, the smaller payoff and the greater giving may cause the heavier anxiety symptoms \[[@b27-pi-2020-0127],[@b28-pi-2020-0127]\]. During the epidemic of COVID-19, medical workers were on the front line of fighting against the virus, and at a high risk of infection at any time. Therefore, if welfare treatment is not improved to some extent, it may tend to induce anxiety.

Psychological factors have a certain impact on the fight against 2019-nCoV, for example, anxiety may not only affect the medical workers' attention, understanding, and decision making ability \[[@b29-pi-2020-0127]-[@b31-pi-2020-0127]\], but also result in decreased resistance, insomnia and other adverse physical and mental reactions \[[@b32-pi-2020-0127],[@b33-pi-2020-0127]\]. The coping mechanisms, developed by Aguilera \[[@b34-pi-2020-0127]\] based 1994 on Caplan's theory, refer to the usual patterns of reaction when a subject faces a problem. Medical workers are expected to believe that they can effectively manage current situations, and the perceived control of certain circumstances will affect their choice and insistence on coping strategies \[[@b25-pi-2020-0127]\]. Some coping strategies like objectively analyzing current situations, praising yourself for some good performance, making a phone call with family, or exchanging ideas with colleagues will help decrease the anxiety status of medical workers. Besides, on Jan 27, 2020, the National Health Commission of China published a national guideline of psychological crisis intervention for 2019-nCoV \[[@b35-pi-2020-0127]\]. Wuhan government implemented some policies to solve the mental health problems of the medical staff in Wuhan. Four psychological intervention teams were set up, including the psychosocial response team, the psychological intervention technical support team, the psychological intervention medical team and the psychological assistance hotline teams, which are effective methods of improving the mental health status of the medical workers.

There are still some limitations in this study. Firstly, the quantity of included studies is small. Secondly, only studies containing the Self-Rating Anxiety Scale were analyzed, and other scales in the studies were not analyzed. Thirdly, there was a large heterogeneity among the included studies, for which we will discuss and analyze later.

According to the Cochrane Handbook for Systematic Reviews of Interventions, heterogeneity in meta-analysis can be divided into three categories: clinical heterogeneity, methodological heterogeneity, and statistical heterogeneity \[[@b36-pi-2020-0127]\]. The study methods of 7 studies included in our meta-analysis were to use SAS to assess the anxiety status of medical staff. The overall mean and standard deviation were calculated by Statistical Product and Service Solutions (SPSS) in all 7 studies. Therefore, there was no significant heterogeneity in the methodology and statistics.

The problem we face is that the clinical heterogeneity is large, for example, the anxiety score is significantly lower in the study of Pu Jia. After analysis, the authors found that the investigated area, Sichuan, is an area with a low infection rate of COVID-19, and the severity of the epidemic was mild. In addition, the hospital established a working group in time to provide training and psychological intervention for medical staff, so the psychological pressure faced by medical staff is smaller and less anxious than in other areas with severe epidemic situations \[[@b10-pi-2020-0127]\]. But after the subgroup analyses, the heterogeneity was not reduced successfully. Therefore, we speculate that the main source of the heterogeneity may be the insufficient quantity of our included studies, causing limited data for analysis. However, after changing the model and sensitivity analyses, it was found that the results of Meta-analysis were not reversed, and the analysis results were statistically significant, so the conclusions of this study were still reliable \[[@b16-pi-2020-0127]\].

In summary, the COVID-19 has brought great challenges to clinical medical staff, and the anxiety level of Chinese medical workers has increased significantly during the epidemic of COVID-19. Thus, we call on the departments concerned and medical institutions to pay more attention to the physical and mental health of front-line medical staff and to provide timely psychological intervention measures and social support for them \[[@b37-pi-2020-0127],[@b38-pi-2020-0127]\], ensuring that medical staff may confront COVID-19 with the best physical and mental status \[[@b31-pi-2020-0127],[@b39-pi-2020-0127]\].
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###### 

Basic characteristics of included studies

  Author                                  Region            Sample size   Study subjects                                                                     Main results                       Quality assessment
  --------------------------------------- ----------------- ------------- ---------------------------------------------------------------------------------- ---------------------------------- --------------------
  Jizheng et al. \[[@b9-pi-2020-0127]\]   Fuyang, China     230           Front-line medical staff of Fuyang city second people's hospital                   SAS: 42.91±10.89;                  15
  PTSD-SS: 42.92±17.88                                                                                                                                                                          
  Jia et al. \[[@b10-pi-2020-0127]\]      Mianyang, China   867           Nurse of Mianyang Central Hospital                                                 SAS: 34.97±5.493                   14
  TAF: 8.33±5.456                                                                                                                                                                               
  Junhua et al. \[[@b11-pi-2020-0127]\]   Wuhan, China      126           Front-line medical staff with confirmed or suspected novel coronavirus infection   PHQ-15: (9.72±1.604)/(3.47±1.55)   18
  SAS: (45.47±1.405)/(43.47±2.779)                                                                                                                                                              
  SDS: (51.25±1.611)/(35.00±3.055)                                                                                                                                                              
  PCL-C: (34.81±1.36)/(30.75±1.159)                                                                                                                                                             
  PSQI: (14.00±3.874)/(10.36±3.39)                                                                                                                                                              
  Jijun et al. \[[@b12-pi-2020-0127]\]    Sichuan, China    106           Front-line nurses                                                                  PSQI: 7.96±2.12;                   13
  SAS: 56.39±6.99                                                                                                                                                                               
  Wenhui et al. \[[@b13-pi-2020-0127]\]   Hangzhou, China   207           Front-line nurse of Xixi Hospital of Hangzhou                                      SAS: 35.43±6.66                    14
  Siyu et al. \[[@b14-pi-2020-0127]\]     China             5,393         Physicians, Nurses, Clinical Assistants and medical students                       SAS: 32.80±8.60                    18
  ISI: 6.10±5.00                                                                                                                                                                                
  Liu et al. \[[@b15-pi-2020-0127]\]      China             512           Front-line medical staff                                                           SAS: 39.56±8.91                    19

SAS: Self-rating Anxiety Scale, PTSD-SS: Post-Traumatic Stress Disorder Self-rating Scale, TAF: The Triage Assessment Form, PHQ-15: Patient Health Questionnaire, SDS: Self-rating Depression Scale, PCL-C: Post-Traumatic Stress Disorder self-assessment scale (PTSD Checklist-Civilian Version), PSQI: Pittsburgh Sleep Quality Index, ISI: Insomnia Severity Index

###### 

Meta-analysis of medical staff's anxiety status during the epidemic of COVID-19

  Studies                                                      Comparison with Chinese anxiety norm                  
  ------------------------------------------------------------ -------------------------------------- -------------- --------
  Jizheng et al. \[[@b9-pi-2020-0127]\]                        1.286                                  1.137--1.435   14.29
  Jia et al. \[[@b10-pi-2020-0127]\]                           0.616                                  0.526--0.706   14.44
  Junhua et al. \[[@b11-pi-2020-0127]\]                        1.531                                  1.338--1.724   14.13
  Jijun et al. \[[@b12-pi-2020-0127]\]                         2.701                                  2.476--2.926   13.99
  Wenhui et al. \[[@b13-pi-2020-0127]\]                        0.587                                  0.437--0.736   14.28
  Siyu et al. \[[@b14-pi-2020-0127]\]                          1.005                                  0.896--1.115   14.39
  Liu et al. \[[@b15-pi-2020-0127]\]                           0.340                                  0.276--0.404   14.48
  Overall                                                      1.145                                  0.705--1.584   100.00
  Heterogeneity test: χ^2^=591.07 df=6 (p\<0.001) I^2^=99.0%                                                         
  Test of SMD: z=5.10 (p\<0.001)                                                                                     

SMD: standardized mean difference
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